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DERTVATION OF I]RANIT]M RESIDUAL RADIOACTT\ZE
MATERIAL GIJIDELINES FOR THE ALIQT]IPPA FORGE SITE

by

F. Monette, L. Jones, and C. Yu

SUMMARY

Residual radioactive material guidelines for uranium were derived for the Aliquippa

Forge site in Aliquippa, Pennsylvania. This site has been identified for remedial action under

the Formerly Utilized Sites Remedial Action Program (FUSRAP) of the U.S. Department of

Enerry (DOE). The uranium guidelines were derived on the basis of the requirement that

the 5O-year committed effective dose equivalent to a hypothetical individual who lives or

works in the immediate vicinity of the Aliquippa Forge site should not exceed a dose of

100 mrem/yr following decontamination.

The DOE residual radioactive material guideline computer code, RESRAD, which

implements the methodolory described in the DOE manual for implementing residual

radioactive material guidelines, was used in this evaluation. Four potential scenarios were

considered for the site; the scenarios vary with regard to time spent at the site, sources of

water used, and sources of food consumed. The results of the evaluation indicate that the

basic dose limit of 100 mrem./5r will not be exceeded for uranium (including uranium-234,

uranium-235, and uranium-2S8) within 1,000 years, provided that the soil concentration of

combined uranium (uranium-234, uranium-235, and uranium-238) at the Aliquippa Forge site

does not exceed the following levels: 1,?00 pCile for Scenario A (industrial worker: the

expected scenario); 3,900 pCilg for Scenario B (recreationist: a plausible scenario); 20 pCtlg,

for Scenario C (resident fa::mer using well water as the only water source: a possible but

unlikely scenario), and 530 pCilg for Scenario D (resident farmer using a distant water source

not affected by site conditions as the only water source: a possible but unlikely scenario).
The uranium guidelines derived in this report apply to the combined activity concentration

of uranium-2S4, uranium-235, and uranium-238 and were calculated on the basis of a dose

of 100 mrem./yr. In setting the actual uranium guidelines for the Aliquippa Forge site, DOE

will apply the as low as reasonably achievable (ALARA) policy to the decision-making process,

along with other factors, such as whether a particular scenario is reasonable and appropriate
and whether the contamination is isolated and localized.
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1 INTR,ODUCTION AND BRIEF MSTORY

The Formerly Utilized Sites Remedial Action Program (FUSRAP) was established
in 1974 by the U.S. Atomic Enerry Commission (AEC), a predecessor of the U.S. Department
of Energy (DOE). The mandate of the program is to identify, evaluate, and, if necessary,
decontaminate sites previously used by the AEC or its predecessor, the Manhattan Engineer
District (MED).

The Aliquippa Forge site is located in Aliquippa, Pennsylvsnia. It was designated
by DOE as a candidate for remedial action under FUSRAP, aft,er Argonne National
Laboratory (ANL) conducted a radiological survey of the site in 1978 (Bechtel National, Inc.
IBNII 1988). The proposed remedial action for the site will follow the guidelines established
in DOE Order 5400.5 (DOE 1990). The RESRAD computer code (Gilbert et al. 1989) is used
to derive residual radionuclide guidelines on a site-specific basis. This report presents the
uranium guidelines derived for the Aliquippa Forge site on the basis of a dose limit of
L00 mrem/yr.

1.1 SITE DESCRIPTION AND SETIING

The Aliquippa Forge site is an industrial site located along the Ohio River in the
town of Aliquippa, Pennsylvania, approximately 25 km (16 mi) northwest of Pittsburgh,
Pennsylvania (Fieure 1). The site is situated north of First Street between Route 51 and
Beaver Avenue ald covers Fn area of 3.2 ha (8 acres). The site became contaminated with
radioactive materials in the late 1940s when uranium was processed in a site bqllding under
contract with the AEC.

The property curently contains 10 buildings, 8 of which are interconnected;2 water
towers; 6 soeling tower; and a small cooling basin (Figure 2). The site is fenced on the east
and north sides; however, access can be gained to the south and west sides of the property.
The site is generally level, sloping on the east side into a small creek, with large weeds and
small brush su:rounding the Sqildings (BNI 1991). The nearest residential community is
located 15.2 m (50 ft) south of the site boundary (BNI 1991).

The mean antrual temperature of the Pittsburgh area is approximately 10oC (50"F);
January is the coldest month (-3'C 127"F)) and JuIy is the warmest (22"C [71'F]).
Precipitation averages 92 cm (36 in.) annsa[ly; the relative hurridity averages 68% (NOAA
1982).

1.2 SITE HISTORY

From July 1948 to late L949, Building 3 of the Vulcan Crucible Steel Company, a
previous owner of the site, was used for uranium-rolling operations under contract with the
AEC. The Vulcan facility received uranium billets from various sources and rolled them into
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FIGURE I Location of the Aliquippa Forge site (source: BNI l99r)
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FIGURE 2 Site Map of the Aliquippa Forge Site (Source: BNI 1991)
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rods. The billets measured 45 to 61 cm (1.5 to 2 ft) in length and 10 to 13 cm (4 to 5 in.) in
diameter; they weighed from 44 to 100 kg (120 to 270lb). During the rolling operation, the
billets were formed into rods 5.5 m (18 ft) in length and 3.8 cm (1.5 in.) in diameter.
Finished rods were boxed and shipped to other AEC facilities. A-fter operations ceased, a
decontamination effort was conducted in 1950.

Currently, the site is not being used. Access to Building 3 can easily be gained from
several areas. Building 3 is a sheet metal structure with portions of the roof missing. The
building measures 110 x 43 m (360 x 140 ft) and contains two furnaces for heating billets,
a rolling mill, and cutting and extruding equipment. The floor consists of sections of concrete
(poured at different times), brick over dirt, bare dirt, and steel plates.

In 1978, a radiological survey conducted by ANL identified the presence of
radioactive contamination in and around Building 3 (ANL 1982). The contamination,
principally normal uranium-238, was found on the floors, walls, and overhead beams above
the furnaces that were used for heating billets. In addition, some contaminated steel flooring
was found outside the building in the vicinity of the cooling basin. The naximum contact
exposure rate measured within Building 3 was 2 mR/h on the dirt floor. Indoor radon and
radon daughter concentrations were measured and were within the range of background
levels (1 pCi/L). Uranium concentrations in soil samples taken afiacent to Building 3
exceeded background levels and ranged from 0.3 to 109 pCi/g. IJrenium contamination was
judged to be limited to the top 0.5 m (2 ft) of soil. Consequently, the site was designated in
August 1983 to be remediated under FUSRAP.

A follow-up radiological survey was conducted in 1987 at the request of the site
owner to determine whether Building 3 was suitable for leased storage space (BNI 1988).
The results of this suryey indicated spotty uranisln contamination in approximately 43Vo of
the building.

In 1988, BNI conducted an interim remedial action effort in Building 3 to allow
restricted use by Aliquippa Forge, Inc. (Harbert 1989). Most of the building was
decontaminated by direct removal of contaminated materials; the remaining contaminated
arca (232 m2 [2,500 ftz]) was fenced to restrict access. Remaining areas of k'"'own
contamination include the fenced area, walls from 2 ^ (6 ft) to the ceiling, two fumaces,
structural steel and ceiling surfaces, and soil in two localized areas outside of the building.

Currently, a comprehensive freld sampling effort is plenngd in order to further
delineate the known contaminated areas, investigate decontaminated areas for
recontamination, and spot check other areas of the site for contamination (BNI 1991).
Preliminary analysis of soil samples indicates that uranium-238 contamination ranges from
t.4 to 1,530 pCle outside the west loading dock door of Building 3, with maximum
concentrations occurring in the top 30 cm (12 in.) of soil (Adams L992). The total site area
of 32,4O0 m2 (38,700 yd2) is used in this analysis to derive homogeneous soil guidelines for
uranium. For a small isolated area of contamination (i.e., a hot spot), the hot spot guideline
can be derived from the homogeneous guideline by using the hot spot multiplication factors
described in Section 4 (Gilbert et al. 1989).
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1.s DERryATION OF CLEANIJP GT]IDELINES

Although most DOE cleanup guidelines applicable to remedial actions at FUSRAP sites

are generic in nature (DOE 1990), uranium guidelines are derived on a site'specific basis.

The purpose of this report is to present the derivation of the residual radioactive material

guidelines for uraniual (i.s., uranium-234, uranium-235, and urat'tium-238) that are

applicable to remedial action at the Aliquippa Forge site; that is, the residual concentration

of urenium in a homogeneously contaminated area that must not be exceeded if the site is

to be released for use without radiological restrictions. On the assumption that uranium is

the only rad.ionuclide present at an above-background concentration, the derivation of site-

specific urnniu:tr guidelines for the Aliquippa Forge site was based on a dose limit of

100 mrem/yr (DOE 1990, L992). The RESRAD computer code, which inplements the

methodolory described in the DOE manual for implementing residual radioactive material

guidelines (Gilbert et al. 1989), was used to derive these guidelines. The DOE will establish

the final uranium guidelines for the Aliquippa Forge site by applying the as low as

reasonably achievable (ALARA) policy to the derived guidelines presented in this report,

along with other factors, such as whether a particular scenario is reasonable and appropriate

and whether the contamination is isolated and localized.
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2 SCENARIO DEFIMTIONS

Four potential exposure scenarios were considered for the Aliquippa Forge site. In
all scenarios it is assumed that, at some time withirl 1,000 years, the site will be released for
use without radiological restrictions following decontamination.

Scenario A (the expected scenario) assumes industrial use of the site. A hypothetical
person is assumed to work in the area of the site for 8 hours per day (6 hours outdoors and
2 hor:rs indoors), 5 days per week, 50 weeks per year. The industrial worker d.oes not ingest
drinking water, plant foods, or fish from the decontaminated area, or ingest meat or milk
from livestock raised in the decontaminated area.

Scenario B (a plausible scenario) assumes recreational use of the site. It is assumed
that, at some time in the future, the site wilt be used as a public park. A hypothetical person
spends 15 hours per week, 50 weeks per year in the decontaminated area of the park. The
recreationist does not ingest drinking water, plant foods, or fish from the decontaminated
area, or ingest meat or milk from livestock raised in the decontaminated area.

Scenario C (a possible but unlikely scenario) assumes the presence of a resident
farrrer in the immediate vicinity of the site who drinks water obtained from a well located
at the downgradient edge of the decontaminated area, ingests plant foods grown in a garden
in the decontaminated area, and ingests meat and milk from livestock raised in the decon-
taminated area. All water used by the farmer is drawn from the well. The individual also
ingests fish taken from a pond adjacent to and downstream of the decontaminated area.

Scenario D (a possible but unlikely scenario) is identical to Scenario C but assumes
that all water for the site comes from a distant source not affected by site conditions. Given
the current industrial use of the site and the presence of the nearby Ohio River, it is unlikely
that an on-site well would be the only source of water.

Potential radiation doses resulting from nine erq)osure pathways were analyzed:
(1) direct exposure to external radiation from the decontaminated soil material, (2) internal
radiation from inhalation of contaminated dust, (3) internal radiation from inhalation of
emanating radon-222, (4) internal radiation from ingestion of plant foods grown in the
decontaminated area and irigated with water drawn from a well located at the downgradient
edge of the decontaminated area, (5) internal radiation from ingestion of meat from livestock
fed with fodder grown in the decontaminated area and water drawn from the well,
(6) internal radiation from ingestion of milk from livestock fed with fodder grown in the
decontaminated area and water drawn from the well, (7) internal rad.iation from ingestion
of aquatic food (frsh) from a pond, (8) intemal radiation from drinking water drawn from the
well, and (9) internal radiation from incidental ingestion of soil.
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The RESRAD computer code, version 4.3 (Gilbert et al. 1989), ws used to calculate

the potential rad,iation doses to the hypothetical future industrial worker, recreationist, or

resident farmer on the basis of the following assumptions:

. The resident farrrer spends 50% of his or her time indoors in the decon-

taminated area, 25Vo outdoors in the decontaminated area, and 25Vo

away from the decontaminated area. The industrial worker spends

2,000 hours per year on-site (25Vo irrdoors and 757o outdoors). The

recreationist spends 750 hours per year on-site, all outdoors.

. The walls, floor, and foundation of the house or office building reduce

external exposure by 307o; the indoor dust level is 407o of the outdoor

dust level (Gilbert et al. 1989).

. The depth of the house 61lsilding foundation is 1 m (3 ft) below ground

surface, with an effective radon diffirsion coeffrcient of 2 x 10€ m?s.

. The size of the decontaminated area is large enough that SOVo of the

plant food diet consumed by the resident farrrer is grown in a garden in

the decontaminated area. The industrial worker or recreationist does

not consume these Plant foods.

. The size of the decontaminated area is large enough to provide sufficient

meat and milk for the resident farmer from livestock raised (i'e',

foraged) in the decontarninated area. The industrial worker or

recreationist does not consume this meat or milk'

. Vegetables are irrigated by and livestock are provided with water drawn

from the well located adjacent to the decontaminated area (Scenario C).

For Scenario D, all water comes from a distant source unaffected by site

conditions.

. The adjacent pond provi des SOVo of the aquatic food consumed by the

resident farmer (Scenario C). The industrial worker, recreationist, or

resident farmer (Scenario D) does not consume any aquatic food from the

decontaminated area.

. The adjacent well provides L007o of the drinking water consumed by the

resident farmer (Scenario C). For Scenario D, all drinking water comes

from a distant source unaffected by site conditions. In addition, the

industrial worker or recreationist does not consume drinking water from

an on-site wel..

. After remedial action, no cover material is placed over the

decontaminated area.
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' Hydrogeologic properties of the Aliquippa Forge site were taken from a
summarJi report provided by BechteVGeotechnical Services (Kautz 1992).
The following data were obtained from the summary report: hydraulic
gradient for the saturated zone; hydraulic conductivity for the contami-
nated, unsaturated, and saturated zones; porosity of the contaminated,
unsaturated, and saturated zones; thickness of the unsaturated zone;
density of the contaminated, unsaturated, and saturated zones; and site-
specific distribution coefficients for uranium. Approximations of the
water table drop rate and the contaminated zone erosion rate were
taken from a nearby site in Canonsburg, Pennsylvania (DOE 1983a,b).
The Canonsburg site is located about 30 miles from the Aliquippa Forge
site.

All pathways considered for Scenarios A, B, C, and D are summarized in Table

TABLE 1 Surnrnary of Pathways for Scenarios 4 B, C, and D at the
Aliquippa Forge Site'

1 .

Pathway Scenario A Scenario B Scenario C Scenario D

External exposure
Inhalation
Radon
Ingestion ofsoil
Ingestion of plant foods
Ingestion of meat
Ingestion of milk
Ingestion offish
Ingestion of waterb

Yes
Yes
Yes
Yes
No
No
No
No
No

Yes
Yes
Yes
Yes
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No

Scenario d industrial worker; Scenario B, recreationist; Scenario C, resident
farmer using an on-site well as the only water source; Scenario D, resident
farmer using a distant water source unaffected by site conditions.

Source of water used: 1007o well water for drinking, irrigation, and livestock
for Scenario C; l00Vo distant source for drinking, irrigation, and livestock for
Scenario D.
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S DOSE/SOI.JRCE CONCENIRATION RATIOS

The RESRAD computer code, version 4.3 (Gilbert et al. 1989), was used to calculate

the dose/source concentration ratio DSRipft) for uranium isotope i and pathwayp at time /

after decontamination. The time frame considered in this analysis was 1,000 years. Radio-

active decay and ingrowth were considered in deriving the dose/source concentration ratios.

The various parameters used in the RESRAD code for this analysis are listed in the

Appendix. The calculated maximum dose/source concentration ratios for all pathways are
presented in Tables 2 through 5 for Scenarios A, B, C, and D, respectively. For Scenarios A,

B, and D, the maximum dosdsource concentration ratios would occur at tine zero (immedi-

ately after decontami:ration). For Scenario C, the mq'rimum dose/source concentration ratio

for uranium isotopes would occur 90 years following decontamination. The primary pathway

for Scenarios A, B, and D would be inhalation for uranium-234 and uranium-238; external

exposure is the primary pathway for uranium-2S5. The primary pathway for Scenario C is

ingestion of gfoundwater for uranium-238, uranium-234, and uraniql-!$5.

The summation of DSR;"(I) for all pathways p is the DSRt(t) for the ith isotope, that

is,

DS&(t) DSRiP (t)

The total dose/source concentration ratio for total uranium (enriched, depleted, or nonnal)
can be calculated as

DSR(t) wt DSRi(t) ,

where W, is the existing activity concentration fraction at the site for uaenisal-!${,

uranium-235, and urenisal-!38. For this analysis, lI/, is assumed to be present in the natural

activity concentration ratios of U2.046, Y2.046, and 0.046/2.046 for uranium-238,

uranium-234, and uraniqll-!35, respectively. The total dose/source concentration ratios for

single nuclides and total uranium are provided in Table 6. These ratios were used to

determine the allowable residual radioactivity for uranium at the Aliquippa Forge site.

=E
p

=E
i
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TABLE 2 Maximum Dose/Source Concentration Ratios for
Scenario A at the Aliquippa Forge Site

Pathway

Maximum Dose/Source Concentration Ratio
(mrerr/yr)(pCi/g)u

Uranium-234 Uranium-235 Uranium-238

External exposure
Inhalation
Radon
Ingestion ofsoil
Ingestion of plant foods
Ingestion of meat
Ingestion of milk
Ingestion offrsh
Ingestion of water

2.9 x L}-a
4.2 x L0-2

0
1.8 x 10-3

0
0
0
0
0

1.9 x 10-1
3.8 x 10-2

0
1.8 x 10-3

0
0
0
0
0

2.7 x l0'2
3.8 x 10-2

0
1.8 x 10-3

0
0
0
0
0

" Maximum dose/source concentration ratios would occur at time zero
(immediately following decontamination); all values are reported to
two signifrcant figures.

TABLE 3 Maximum Dose/Source Concentration Ratios for
Scenario B at the Aliquippa Forge Site

Maximum Dose/Source Concentration Ratio
(mrerr/yr)/(pCi/g)'

Pathway Uranium-234 Uranium-235 Uranium-238

External exposure
Inhalation
Radon
Ingestion ofsoil
Ingestion of plant foods
Ingestion of meat
Ingestion of milk
Ingestion offish
Ingestion of water

L.2 x t}a
1.9 x 10-2

0
8.2 x 104

0
0
0
0
0

7.9 x 10'2
L.7 x t0'2

0
7.9 x 104

0
0
0
0
0

1.1 x 10-2
L.7 x t0-2

0
7.9 x 10-a

0
0
0
0
0

u Maximum dose/source concentration ratios would occur at time zero
(immediately following decontamination); all values are reported to
two significant figures.
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TABLE 4 Maximum Dose/Source Concentration Ratios for Scenario C at
the Aliquippa Forge Site'

Pathway

Maximum Dose/Source Concentration Ratio
(mrem/yr)/(pCilg)o

Uranium-234 Uranium-235 Uranium-238

External exposure
Inhalation
Radon
Ingestion ofsoil
Ingestion of plant foods
Ingestion of meat
Ingestion of milk
Ingestion of fish
Ingestion of water

2.8 x 10'5
1.8 x 10'a
1.4 x 10-6
7.8 x 10-6
4 . 1  x  1 0 1
4 . 6  x  1 0 1
1 . 2  x  1 0 1
8.7 x 10'3

4.2

1.0 x 10-3
7.4 x L}'a

0
5.5 x 10'5
4.0 x 10-t
4.4 x l}-L
1 .1  x  10 ' t
9.6 x 10-3

4.r

L.2 x L}4
1.4 x 10'a
4.5 x 10 11

6.3  x  106
3.9 x 10'1
4 .4  x  101
1.1 x 10-r
8.3 x 10-3

4 . t

Scenario C assumes that all water is derived from an on-site well. Given the

current industrial use of the site and the presence of the nearby Ohio River, this

scenario is considered hiehly unlikely for this site.

Maximum dose/source concentration ratios would occur 90 years following

decontamination; all values are reported to two significant figures.

TABLE 5 Maximum Dose/Source Concentration Ratios for Scenario D at

the Aliquippa Forge Site"

Maximum Dose/Source Concentration Ratio
(mrerr/yr)/(pCi/gf

Pathway Uranium-234 Uranium-235 Uranium-238

External exposure
Inhalation
Radon
Ingestion ofsoil
Ingestion of plant foods
Ingestion of meat
Ingestion of milk
Ingestion offish
Ingestion of water

8.2 x 10-a
9.7 x 10'2

0
4.3 x 10-3
3.2 x LU2
7.9  x  103
1 . 1  x  1 0 3

0
0

5.5 x 10'1
8.9 x 10'2

0
4.1 x 10'3
3.0 x 10'2
7 . 6  x  1 0 3
1 . 1  x  1 0 3

0
0

7.8  x  102
8.9 x 10'2

0
4 . 1  x  1 0 3
3.0 x 10'2
7.6 x 10'3
1.1 x 10'3

0
0

Scenario D assumes that all water comes from a distant source unaffected by site
conditions.

Maximum dose/source concentration ratios would occur at time zero
(immediately following decontamination); all values are reported to two
significant figures.
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TABLE 6 Total Dose/Sourre Concentration Ratios for Uranium
at the Aliquippa Forge Site

Total Dose/Source Concentration Ratio
(rnrem/yr)(pCi/g)"

Radionuclide Scenario A Scenario B Scenario C Scenario D

Uranium-234
Uranium-235
Uranium-238
Total Uranium

4.4 x ]r0'2
2.3 x 10-1
6.7 x 10-2
5.9 x 10-2

2.0 x 10-2
9.7 x L0-2
2.9 x L0-2
2.6 x L0-2

1.4 x 10-1
6.8 x 10-1
2.1 x 10'1
1.9 x 10-1

5.2
5.1
5.0
5.1

a All values are reported to two significant figures.
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4 RESIDUAL RADIOACTTVE MATERIAL GIJIDELINES

The residual radioactive material guideline is the concentration of residual
radioactive material that can remain in a decontaminated area and still allow use of the area
without radiological restrictions. Given the DOE ennssl radiation dose limit of 100 mrerr./yr
for an individual (DOE 1990, L992), the residual radioactive material euideline, G, for
urrniqal at the Aliquippa Forge site can be calculated as

G =  100 /DSR ,

where DSfi is the total dose/source concentration ratio listed in Table 6. The calculated
residual radioactive material guidelines for individual radionuclides (uranium-234,

uraniusr-135, and uranium-2S8) and total urenium are presented in Table 7.

In the calculation of the total ur:anium guidelines (reported to two siguificant
frgures), it was assumed that the activity concentration ratio of uranium-238, urenivn-234,
and uranium-235 is 1:1:0.046. The derived guidelines for total uranium would be 1,700,
3,900, 20, and 530 pCi/g for Scenarios A, B, C, and D, respectively. If uranium-238 is
measured as the indicator radionuclide, then the uranium-238 limits for total uranium can
be calculated by dividing the total uranium guidelines by 2.046. The resulting limits would
be 830, 1,900, 10, and 260 pClg for Scenarios A, B, C, and D, respectively.

In implementation of the derived radionuclide guidelines for decontamination of a
site, the law of sum of fractions applies. That is, the summation of the fractions of
radionuclide concentrations S; remaining on-site, averaged over en area of 100 m2 (120 yd'?)
and a depth of 15 cm (6 in.) and divided by its guideline G, should not be greater than unity:

s/G, < 1

The derived guidelines are for a large, homogeneously contaminated area. For an isolated,
small area of contanination, that is, a hot spot, the allowable concentration that can remain
on-site may be higher than the homogeneous guideline, depending on the size of the area of
contamination and in accordance with Table 8.

E
i
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TABLE 7 Residual Radioactive Meterial Guidelines for the
Aliquippa Forge Site

Guideline (pCVg)'

Radionuclide Scenario A Scenario B Scenario C Scenario D

Uranium-234 2,300 5,100 19 710
Uranium-235 430 1,000 20 150
Uranium-238 1,500 3,400 20 480
Total Uranium 1,700 3,900 20 530

a All values are reported to two significant figures.

TABLE I Ranges for Hot
Spot Multiplication Factors

Factor
(multiple of

Range authorized limit)

<1m2 loa
1 - < 3 m 2  6
3 - < 1 0 m 2  3
L0-25r r r2  2

a Areas less than 1 m2 are to
be averaged over a 1-m2
area, and that average shall
not exceed 10 times the
authorized limit.

Source: Gilbert et al. (1989).
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APPENDDK

PARAMETERS USED IN THE ANALYSIS OF THE ALIQUIPPA FORGE SITE

The parametric values used in the RESRAD code for the analysis of the Aliquippa

Forge site are listed in Table A.1. All parametric values are reported to three significant

figures. Some parameters are specific to the Aliquippa Forge site; other values are generic.

TABLE ^dl Parameters Used in the RESRAD Code for the Analysis of the
Aliquippa Forge Site

Pmeter Scenario A Scenario B Scenario C Scenario D

Area of contaminated zone'
Thickness of mntaminated mne'
Length parallel to aquifer flow'
Cover depth
Density of contaminated zoneh
Contaminated zone erosion ra0e'
Contsminated mne total pomsitJ/
Contaminated zone effective Pomsity'
Contaminated zone hydraulic coniluctivit;P
Contaninated zone b parameter
Evapotranspiration coefEcient
Precipitation'
Irrigation
Irrigation mode
Runoff coefficient
Watershed area for nearby pond

Density of saturated zoneb
Saturated zone total pmosity'
Saturated zone effmtive porwity
Saturated zone hydraulic conductivitt'
Saturated zone hydraulic gradientb
Saturated zone b parameter
Wa0er table drop r:ate'
Well pump intake depth

(below water table)
Model: nonilispersion (ND) or

mass-balance (MB)

Number ofunsaturated zone strata'
unsaturated zone I thicknessb
unsaturat€d zone 1 soil density'
umaturated zone 1 total
porosity'
umaturated mne I effective
porosity
umaturated zone I soil-specific
b parameter
unsaturated zone t hydraulic
conductivilf

m'
m
m
m
g/cm"
m/yr

d

d

32,&O
0.5

not used
0

1.6
0.002
0.4
0.1
20
5.3
0.6
0.92
0.2

not used

o.2
not used

1.6
not used
not used
not used
not used

5.3
not used
not used

not used

not used
not used
not used
not used

not used

not used

not used

32,&O
0.5

not used
0

1.6
0.002
0.4
0 .1
20
5.3
0.6
0.92
0.2

not ued

0.2
not used

1.6
not used
not used
not used
not used

5.3
not used
not ued

not used

not used
not used
not used
not useil

not used

not used

not usedf

32,80
0.5
180
0
1.6

0.002
o.4
0.1
20
5.3
0.6
0.92
o.2

overhed

0.2
1,o0o,ooo

1.6
0.4
0.1
20

0.01
5.3

0.002
10

32,400
0.5
180
0

1.6
0.002
0.4
0.1
20
5.3
0.6
o.92
o.2

overhead

0.2
1 x 10ro

1.6
0.4
0.1
20

0.01
5.3

0.002
10

ND

m/yr
d

-d

mlyr
m/yr
- i

-a

m'
d"-"

I

d

miyr
- l

-a

r/yr
m

-d

-d

m
gl"^"
d

a

I
2

1.6
o.4

0.1

5.3

20

ND

I
2

1.6
0.4

0 .1

5.3

20mlyr
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TABLE ^dl (Cont.)

VaIue

Paraneter Unit Scenario A Scenario B Scensrio C Soenario D

Diskibution coeffi cient
Contaminated zone

Uranium-234b
Uranium-235b
Uranium-238b
Actinium-22?f
hotactiniun-23If
Lead-21d
Radium-226f
Thorium-8d

Satwatcd zone
tlraniur-23,(b
Urenium-235b
Lhanium-238b
Actinium-22?r
hotactinium-23lf
kad-2rd
Radium-226f
Thorium-23d

Inhalation rate
Mass loading for inhalation
Occupancy and shiclding factor,

erternal gamma"
Occupancy fastor, inhalationr
Shape factor, erternal ga.mma
Dilution length for airborne dust,

inhalation
Soil ingestion rate
Frui! vegetable, aail grein cmsunption
Lea$ vegetable conrunption
Milk comunption
Meat and poultty consumption
Fish consumption
Other eeafood consunption
Drinking water intake
Fraction of drinking water from siter
Ftaction of aquetic food from sitcr
Liveetock foddet intate for meat
Livestoct fodder intate for milk
Livestock water intete fm neat
Livestock water intake for nilk
M"o loading for foliar depcition
Depth of soil mixing layer
Depth of rots
Groundwater fractional usage

(balance fron surface water)'
Drinking water
Livctock water
Irrigation

Total porosity of the cover material
Total prsity of the hrue or building

foundation
Volumetric water ontent of tlte cover

material
Volumetric water cont€nt of the foundation

natg

d

_d

m

nsryr

f;'

clYt
tetyr
Wr:'t
W
tetyr
hstyr
kstyr
llyr
-d

-d

held
L8/d
Ud
Ud

El^8
n
EI
d

d

d

6
6
6
20
50

100
70

60,(m

6
6
6
20
80

1m
70

60,(m
8,4q)
0.@(}2
021

0.19
I
3

365
not used
not used
not used
not used
not used
not used
not used
not used
not uscd
not used
not used
not uscd
not used
not used

o.l5
not used

not used
not used
not used

0.4
o.l

0.05

0.01

6
6
6
20
50

loo
70

60,mo

6
6
6
20
50
1m
70

60,(m
8,4(n
0.unz
0.086

0.086
I
3

365
not used
not uscd
not used
not used
not used
not used
not used
not used
not r.rsed
not used
not uscd
not used
not used
not uscd

0.15
not used

not used
not used
not used

0.4
o.1

0.05

0.01

6
6
6
20
80

100
70

60,000

6
6
6
n
50

loo
70

60,(m
8,4oo
o.fixr2

o.6

o.45
I
3

355
160
t1
92
59
6.,r
0.9
6lo

I
0.6
68
65
60

160
o.mor
0.r5
0.9

1
1
I

0.4
0.1

o.05

o.ol

6
6
6
20
50
1m
70

60,(m

6
6
6
20
50
lm
70

60,(no
8,t(n
o.finil

o.6

0.45
I
3

s6.6
160
L4
92
63
6.1
0.9
610
o
o
68
65
60
160

o.mor
o.r5
o.9

o
o
o

0.4
o.1

o.05

0.01
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TABLE ^4,.1 (Cont.)

Value

Pmeter Unit Scenario A Scenrio B Senario C Senario D

Diffrsion coefficient for mdon gas
in cover material
in foundation material
in contaminated zone soil

Emanating power of radon gre
Radon vertical dimension of mixing
Average annual wind speed
Average building air excbange rate
Height of the building (rmm)

Bulk density ofhouse or building
foundation

Thickress of howe or building foundation
Building depth below ground surface
Fraction of time spent indmn'
Fraction of time spent outdoors'

m?s

d

m
ds
l/h
m
g/" '

2.0 x 104
2.0 x 104
2.0 x 10'8

0.2
2.O
2.O
1.0
2.5
2.4

0.15
1.0

0.057
0.171

2.0 x 104
2.0 x 10'
2.0 x 104

o.2
2.O
2.O
1.0
2.5
2.4

0.15
1.0
o

0.0E6

2.0 x 104
2.0 x 104
2.0 x 104

o.2
2.O
2.O
1.0
2.5
2.4

0.15
1.0
0.5
o.26

2.0 x 104
2.0 x 103
2.0 x 104

o.2
2.O
2.O
1.0
2.6
2.4

0.15
1.0
0.6
o.25

m
m
d

i

Values based on site specifications or scenario assumptions.

Source: Kautz (1992).

Based on values in DOE (198:|a,b).

Parameter is dimensionls.

Value breed on information in NOAA (1982).

Radionuclide is a decay product.
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